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Abstract

Purpose This study aimed to compare variations between the earlobe and fingertip sampling sites in exercises dominated by
upper body muscle exertion. It also sought to investigate capillary blood lactate differences between Lactate Scout 4 (LS4)
and a bench-top analyzer (Biosen S-Line analyzer, BSL) during Double Poling.

Methods Blood samples were collected from the earlobe and fingertip immediately before exercise, at the end of each of
five stages, and at 1-, 3-, 5-, and 7-min post-exercise. Forty healthy university students participated as volunteers. During
the study, they performed double poling on a ski ergometer with progressively increasing load. Lactate levels were measured
using both the BSL and LS4 analyzers.

Results Fingertip Bla values were significantly higher than earlobe values, with a mean bias of —0.66 mmol/L, reaching
—0.86 mmol/L in the 4-8 mmol/L range. At the earlobe, the highest CCC between BSL and LS4-a was 0.84 (> 8 mmol/L),
and for BSL and LS4-b, it was 0.85 (> 8 mmol/L). At the fingertip, the highest CCC between BSL and L.S4-c was 0.68
(> 8 mmol/L), and for BSL and LS4-d, it was 0.52 (> 8 mmol/L). Comparing LS4-a and LS4-b at the earlobe, the highest
CCC was 0.83 (0—4 mmol/L). At the fingertip, comparing LS4-c and LS4-d, the highest CCC was 0.68 (> 8 mmol/L).
Conclusions Blood lactate concentrations are higher at the fingertip than the earlobe during SkiErg double poling. The
LS4 is less reliable, especially at the fingertip, so using the earlobe with the BSL analyzer is recommended for accurate
measurements.

Keywords Portable lactate analyzers - Lactate scout 4 - Sampling sites - Double poling - Blood concentration

Introduction

The level of lactate in the blood (Bla) provides an indica-
tion of the balance between the production and clearance of
this byproduct of anaerobic metabolism (Brooks 1986; Poole
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et al. 2021). Accordingly, Bla is widely utilized to evaluate
an athlete’s anaerobic threshold, exercise intensity, degree
of fatigue, and post-exercise recovery (Faude et al. 2009;
Ghosh 2004). Since these factors play key roles in planning
personal training in a manner that enhances performance
optimally, determination of Bla must be as accurate as pos-
sible (Crotty et al. 2021; Tanner et al. 2010).
Quantification of Bla is influenced by whether the blood
analyzed is from an artery, vein, or capillary (Foxdal et al.
1990; Yoshida et al. 1982). For instance, Bla in arterial blood
from the arms is significantly higher than that in venous
blood from these same limbs during exercise dominated
by leg movements, such as cycling and running (El-Sayed
et al. 1993; Robergs et al. 1990). In the case of sampling
from arteries and veins, a catheter must be inserted into the
brachial vein or artery of the arms or femoral artery of the
legs (Williams et al. 1992), which is not recommendable in
connection with training practice due to the invasiveness,
discomfort, and difficulty associated with this procedure
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(Dassonville et al. 1998; Feliu et al. 1999). On the other
hand, sampling of capillary blood from the earlobe, finger-
tip, or toe requires no more than 20 pL of blood, involves
only slight discomfort (puncture with a lancet), and is easy
to perform and is, consequently, widely utilized (Forsyth and
Farrally 2000). However, the accuracy of capillary blood
measurements can be compromised if improper handling
allows sweat, which contains lactate, to contaminate the
sample (Sakharov et al. 2010).

The Bla difference between the earlobe, fingertip, and toe
may vary depending on the exercise mode (Dassonville et al.
1998). During cycling, running and rock climbing, where
force is generated primarily by the leg muscles, the Bla in
capillary blood collected from the fingertip was significantly
higher than in samples from the earlobe (Draper et al. 2006;
Feliu et al. 1999; Yamagata et al. 2018). However, some
reports have disagreed with this conclusion and, moreover,
it remains unclear whether the Bla in earlobe and finger-
tip capillary blood differ or not when the arm muscles are
primarily involved in exercise (Forsyth and Farrally 2000;
Moran et al. 2012).

Assessment of Bla employing different testing principles
and operating modes, as well as in different situations, can
vary significantly (Mc Naughton et al. 2002). In this context,
measurement with bench-top analyzers in the laboratory is
generally considered the gold standard (van Someren et al.
2005), but usage of such devices outdoors can be compli-
cated by factors such as limited portability, the requirement
for a continuous power supply, and longer testing procedures
which may preclude obtaining results in real-time (Baldari
et al. 2009; Stewart and Stavrianeas 2008).

Consequently, portable, battery-operated lactate analyz-
ers, such as those in the Lactate Scout series (LS +: EKF
diagnostic GmbH, Barleben, Germany), are widely used in
the field of sports for rapid acquisition of Bla during training
and testing. The earlier versions of the LS have already been
shown to be highly reliable, particularly in animal experi-
ments (Belic et al. 2016; Ferasin et al. 2007; Kaynar et al.
2015); whereas LS4, the latest version released in 2019, has
not yet undergone a comprehensive evaluation to show its
reliability and accuracy, perhaps even more so than the ear-
lier versions in connection with sports testing (Bonaventura
et al. 2015; Tanner et al. 2010).

Double Poling, one of the primary techniques used in
cross-country skiing, engages the muscles of the upper body
and core (Stoggl and Holmberg 2011). The dependency on
coordinated exertion of the upper limbs and core muscles
renders Double Poling an ideal scenario for investigating
differences in capillary Bla between the earlobe and fingertip
in exercises predominantly involving upper body strength.
Double Poling is an important metric for assessing athletes’
performance and training outcomes (Holmberg et al. 2005),
while the Bla serving as a commonly used and significant
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physiological indicator to evaluate athletes’ responses to
such loads. In this type of exercise modality, current research
on the differences in lactate concentrations between the ear-
lobe and fingertip as sampling sites is insufficient, under-
scoring the need for further investigation.

This study aims to address these gaps by investigating
how different lactate concentrations from earlobe and fin-
gertip sites are based on BSL analysis of capillary blood,
comparing the LS4 measures of blood lactate concentration
with those obtained using BSL analysis from the same site,
and assessing the variability of LS4 repeated measures of
blood lactate concentration at earlobe and fingertip sites.
Our hypotheses are that the portable LS4 analyzer measures
lactate levels reliably and accurately, and that significant dif-
ferences exist between measurements taken from the earlobe
and fingertip.

Methods
Subjects

The 23 male and 17 female volunteers who participated
(23.0 + 1.8 years of age, 1.71 +9.83 cm tall, weighing
65.0 +11.9 kg (means + SD) all exercised regularly, had
been engaged in sport-specific training for, on average,
5.7+3.9 years, and completed a medical questionnaire prior
to the study. Ethical approval for the study was obtained in
accordance with the regulations of the ethics committees of
the university involved. In addition, all subjects provided
written informed consent to participate after hearing the
procedures they would be undertaking explained verbally.

Experimental design and procedures

Within a single 3 day period, all subjects completed an
incremental load test on a C2-SkiErg (Concept 2 Inc., USA).
Prior to this test, they performed 5 min of dynamic stretch-
ing, followed by 5 min of resting while seated. Preliminary
trials and adjustments were employed to determine that
appropriate starting loads for the males and females were 50
and 40 W, respectively. This starting load was maintained for
3 min, after which the load was increased by 20 and 5 W for
the men and women, respectively, during each consecutive
3 min period, with one-minute of seated rest prior to each
increase. After completing a total of 5 such periods, the sub-
jects rested for 5 min and then performed a 30 s all-out test.

During the test, the resistance of the ski ergometer was set
at 4 and verbal encouragement provided throughout in order
to ensure that the subjects performed exactly as instructed
and attained the power required at each level. During each
intensity level of the double poling exercise, a researcher
informed the participant of the required power output based
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on the real-time ergometer display, ensuring the participant
maintained the prescribed intensity for three minutes, after
which the researcher recorded the average power output cor-
responding to the increasing poling speed.

Blood sampling

The gold standard bench-top lactate analyzer Biosen-S-
Line (BSL: SensLab GmbH, Germany), manufactured by
the same company as the LS4, was used to compare and
validate differences between earlobe and fingertip measure-
ments with the LS4 (Stefansdéttir et al. 2012). Each par-
ticipant needed to have blood drawn from both the earlobe
and fingertip at specific times: before the test, at the end
of each intensity stage, and at 1-, 3-, 5-, and 7-min post-
exercise, totaling ten collections. Two skilled technicians
stationed on either side of the resting area conducted these
collections, each obtaining three blood samples using a BSL
and two LS4s. Technician 1 collected with BSL [Earlobe],
LS4-a[Earlobe], and LS4-b[Earlobe], while Technician 2
used BSL [Fingertip], LS4-b [Fingertip], and LS4-d [Fin-
gertip]. The sequence and timing of the blood draws by both
technicians were synchronized. Prior to collection, the site
was cleaned with a pre-sterilized alcohol swab to eliminate
any interference from hair or sweat. After drying the site, a
new lancet was used to make a gentle puncture until a small
amount of blood appeared. Then, 20 pL of blood were col-
lected using a new blood collection tube. Immediately after-
ward, two LS4s, each fitted with a new sensor, were brought
close to the blood droplet. The sensors quickly detected and
absorbed approximately 0.2 pL of blood. After collecting
blood with the LS4s, the site was cleaned again with an
alcohol swab. Collecting blood with the tube took about 5 s,
and the subsequent LS4 collections took about 2 s each. All
blood samples were collected from the same puncture. After
collection, the blood drawn by the technicians was handed
over to their respective assistants for processing, which
involved placing the capillary blood into a cup and mixing
it with an anticoagulant. Then, both samples were measured
using the same BSL. Data from the four LS4s were available
shortly after the sensors had collected the blood.

Statistical analysis

Blood sample data from each comparison were arranged
by size and divided into three intervals: O to 4.0 mmol/L,
4.0 to 8.0 mmol/L, and > 8.0 mmol/L. This categorization
was based on the observation that variability between meas-
urements increases as Bla rise (Tanner et al. 2010). Paired
t-tests were used to compare differences between instru-
ments and sampling sites, and Cohen’s d was used to evalu-
ate the effect size (ES). Consistency between instruments
was assessed using the concordance correlation coefficient

(CCCQC) for repeated measures. The Bland—Altman method
and limits of agreement (LoA) were employed to analyze the
mean differences between instruments and between meas-
urements at different sites. The correlation coefficients for
repeated measures were used to evaluate the relationship
between different instruments and sites. The ES, Cohen’s d,
was determined, with values of 0.2 or —0.2 considered small,
0.5 or —0.5 medium, and 0.8 or —0.8 large (Nakagawa and
Cuthill 2007). The CCC was interpreted as values < 0.70,
0.70-0.90, 0.90-0.95, 0.95-0.99, and > 0.99 indicating
very poor, poor, moderate, good, and very good agreement,
respectively. (Martins and Nastri 2014). Calculations for the
paired sample t-test and effect size were performed using
Excel. The CCC, Bland—Altman, and correlation coefficient
(r) analyses were conducted using the ‘simplyagree’ and
‘rmcorr’ packages in R. In all cases a value of <0.05 was
considered statistically significant.

Results
Statistic description of all pooled data

Table 1 presents the mean and standard deviation of lactate
concentrations obtained from the earlobe and fingertip sites
in 40 participants, using one BSL device and four LS4s,
during ten blood sampling sessions in this experiment. The
average power of the five stages and the 30 s all-out are
also indicated in Table 1. 240 lactate measurements were
obtained in each of the first nine sampling sessions of this
experiment, while the tenth session resulted in only 234
measurements due to the absence of data from one partici-
pant at 7 min post-exercise. Figure 1 illustrates the ten-stage
lactate trend of a representative subject across six blood
sampling sites.

Comparison of the Bla in earlobe and fingertip
capillary blood

BSL measurements of fingertip Bla were significantly higher
than earlobe Bla across all intervals. Mean bias based on
Bland—Altman analysis was —0.66 mmol/L (95% CI: —2.18
to 0.86 mmol/L; CCC=0.95; r=0.97) using pooled data
across all intervals. Table 2 and Fig. 2 include full details
for these comparisons.

The comparison between LS4s and BSL
at the earlobe and fingertip site

No significant difference was found between BSL and LS4-a
in the overall pooled data, but a significant difference was
observed in the 0—4 mmol/L interval. Significant differ-
ences existed in the pooled data between BSL and LS4-b.
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Table 1 Statistic description of all pooled data

Sampling sessions Subject BSL [E]: BSL [F]: LS4-a [E]: LS4-b [E]: LS4-c [F]: LS4-d [F]:
(average power) number Mean (£ SD) Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SD) Mean (+SD)
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
Pre-test 40 2.22 (0.85) 3.14 (1.30) 2.55 (5.81) 1.87 (0.85) 4.21 (2.53) 5.97 (4.48)
Level 1 (45.3W) 40 3.98 (1.52) 5.09 (2.20) 3.80 (1.78) 3.81(1.53) 6.86 (4.14) 8.48 (5.13)
Level 2 (56.4W) 40 6.06 (2.51) 6.93 (2.67) 6.08 (2.80) 6.3 (2.98) 9.06 (4.46) 10.83 (5.36)
Level 3 (65.6W) 40 8.16 (3.21) 8.77 (3.10) 8.16 (3.36) 8.28 (3.49) 11.33 (5.08) 12.68 (5.32)
Level 4 (76.3W) 40 9.86 (3.30) 10.90 (3.80) 10.21 (3.99) 10.49 (3.94) 13.40 (4.92) 13.56 (4.88)
Level 5 (80.9W) 40 11.60 (3.93) 12.26 (4.08) 11.65 (3.91) 11.76 (3.94) 14.10 (4.43) 15.55 (5.75)
30 s all-out 40 11.56 (3.70) 12.10 (4.02) 11.66 (3.61) 12.13 (3.52) 13.50 (4.04) 14.27 (4.05)
(152.7W)

Post 3 min 40 12.03 (3.61) 12.61 (4.06) 12.13 (3.37) 12.33 (3.41) 14.34 (4.25) 15.12 (4.30)
Post 5 min 40 12.05 (3.70) 12.31 (4.00) 11.63 (3.38) 12.17 (3.68) 13.85 (4.15) 14.04 (4.17)
Post 7 min 39 11.78 (3.71) 11.89 (3.89) 11.92 (4.02) 11.89 (3.87) 13.58 (3.67) 14.13 (4.40)

BSL Biosen S-Line, LS4-a, b, ¢, d different devices of the Lactate Scout 4, [E] represents earlobe Bla, [F] represents fingertip Bla, SD standard
deviation

Fig.1 One representative 16 —
subject’s ten-stage lactate trend
chart across the six blood sam-
pling sites: BSL [E], BSL [F],
LS4-a [E], LS4-b [E], LS4-c 14—
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Sampling sessions

For BSL and LS4-a, the mean bias based on Bland—Altman —0.16 mmol/L (95% CI: —2.87 to 2.56 mmol/L; CCC=0.96;
analysis was 0.05 mmol/L (95% CI: —2.69 to 2.80 mmol/L; r=0.95). Complete results are shown in Table 3 and Fig. 3.
CCC=0.95; r=0.94). For BSL and LS4-b, it was
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Table 2 Comparison of the Bla concentrations in earlobe and fingertip capillary blood measured by BSL

Parameters

0~ <4.0 mmol/L (n: 80)

4~ <8.0 mmol/L (n: 94)

> 8.0 mmol/L (n: 225)

All-pooled (n: 399)

Mean Bias (+95% CI)
ES (95% CI)

T

—0.83%%* (=1.96 to 0.31)
—0.75 (~0.88 to c0.62)
0.94

—0.86%** (—2.78 to 1.06)
—0.60 (—0.74 to —0.45)
0.89

—0.52%%% (=2.28 to 1.24)
—0.16 (=0.19 to —0.12)
0.92

—0.66%%* (=2.38 to 1.06)
—0.14 (=0.16 to —0.12)
0.98

BSL Biosen S-Line, [E] represents earlobe Bla, [F] represents fingertip Bla, Mean Bias the mean bias and limit of agreement of Bland—Altman
analysis results, CI confidence interval, ES effect size, r correlation coefficients with repeated observations

“indicates p <0.05
“indicates p <0.01

““indicates p <0.001 and no symbol indicates a non-significant result in the paired t-test

BSL [F] (mmol/L

0 I T T I T
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Fig.2 The scatter plots and Bland—Altman plots for comparisons between earlobe and fingertip Bla obtained using BSL. Subfigures a show scat-
ter plots for comparisons between earlobe and fingertip Bla obtained using BSL. Subfigures b correspond to the respective Bland—Altman plots

The comparison within LS4s at the earlobe
and fingertip site

Comparisons within LS4s revealed significant differences
across three intervals. For LS4-a and LS4-b at the ear-
lobe, the mean bias based on Bland—Altman analysis was
—0.21 mmol/L (95% CI: —3.25 to 2.83 mmol/L; CCC=0.95;
r=0.94). For LS4-c and LS4-d at the fingertip, it was
—1.04 mmol/L (95% CI: —7.39 to 5.31 mmol/L; CCC=0.81;
r=0.77). Full details are provided in Table 4 and Fig. 4.

Discussion

Here, we explored Bla in capillary blood from the earlobe
and fingertip during double poling on a SkiErg, which
involves primarily upper-body muscles, as determined using
two different types of measuring devices. Our major findings
were that (1) fingertip Bla were significantly higher than
those from the earlobe. (2) Comparing BSL with LS4, there
were significant differences across various concentration

intervals at both the earlobe and fingertip sites, indicating
variability in the validity of LS4. (3) Within the LS4, there
were significant discrepancies between different LS4 models
at both the earlobe and fingertip sites, indicating variability
in the reliability of LS4.

Comparison of the Bla in earlobe and fingertip
capillary blood

An important finding in this study was that during SkiErg
double poling, Bla determined with the BSL device was sig-
nificantly higher in fingertip capillaries than in those in the
earlobe, which is consistent with previous findings (Das-
sonville et al. 1998; Draper et al. 2006; Feliu et al. 1999;
Yamagata et al. 2018). For instance, Yamagata found that
during continuous cycling at intensities of 60% and 70%
of maximal oxygen uptake, the Bla in fingertip was higher
than in earlobe capillaries during the first 10 min of exer-
cise (Yamagata et al. 2018). Similar observations have been
made with other modes of exercise, such as running and
rock climbing. In contrast, Moran observed no significant
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Table 3 The comparison of Bla between BSL and LS4 in both sites

4~ <8.0 mmol/L (n:
94) 225)

> 8.0 mmol/L (n: All-pooled (n: 399)

Pairwise comparison ~ Parameters 0~ <4.0 mmol/L (n:
80)
BSL [E] vs LS4-a [E] Mean Bias (£95% CI) 0.34%%* (—0.84 to
1.52)
ES (+95% CI) —0.43 (—2.39to 1.54)
CCC (£95% CI) 0.77 (0.69 to 0.84)
r 0.91
BSL [E] vs LS4-b [E] Mean Bias (£95% CI) 0.22%** (—0.92 to
1.35)
ES (+95% CI) 0.22 (0.09 to 0.35)
CCC (£95% CI) 0.79 (0.7 to 0.86)
r 0.92
BSL [F] vs LS4-a [F] Mean Bias (£95% CI) —1.38%** (—6.68 to
3.93)
ES (+95% CI) —0.49 (-0.72 to
—0.27)
CCC (=95% CD 0.29 (0.18 to 0.39)
r 0.46
BSL [F] vs LS4-b [F] Mean Bias (£95% CI) —2.83%*** (—11.12 to
5.46)
ES (+95% CI) —0.68 (—0.93 to
—0.43)
CCC (£95% CI) 0.16 (0.09 to 0.23)
r 0.48

0.02 (=1.78 to 1.83)

—0.28 (—2.24 t0 1.68)
0.80 (0.72 t0 0.86)

0.86 0.67 0.94
—0.19 (-2.46 t0 2.09)

—0.04 (=3.41t0 3.34) 0.05 (—2.69 to 2.80)

—0.08 (—2.04 t0 1.88) 0.01 (—0.02 to 0.04)
0.84 (0.79 t0 0.87) 0.95 (0.94 t0 0.96)

—0.28%* (=3.47 to —0.16%* (-2.87 to

2.92) 2.56)
—0.11 (=0.25 t0 0.03) —0.09 (=0.16 to —0.03 (=0.06 to —0.00)
-0.02)

0.71 (0.61 0 0.78)  0.85(0.81t00.88)  0.96 (0.95 to 0.96)

0.74 0.75 0.95

—2.49%%% (—10.35t0 —1.68%** (—6.36t0  —1.81%** (=7.55 to
5.36) 2.99) 3.92)

—0.71 (=097 to ~0.49 (-0.59 to —0.35 (-0.41 to —0.30)
—0.45) -0.39)

0.17 (0.07t00.26)  0.68 (0.61t00.73)  0.78(0.74 to 0.81)

0.47 0.45 0.82

—4.07%%% (=13.53t0  —2.35%%* (=833 t0  —2.85%** (—10.37 to
5.39) 3.63) 4.67)

—0.93 (=1.19 to —0.65 (=0.77 to —0.54 (=0.62 to —0.46)
~0.66) ~0.53)

0.14 (0.07 t0 0.21)  0.52 (0.44 to 0.6) 0.63(0.58 t0 0.68)

0.33 0.39 0.71

BSL Biosen S-Line, LS4-c, d different devices of the Lactate Scout 4, [E] represents earlobe Bla, [F] represents fingertip Bla, Mean Bias the
mean bias and limit of agreement of Bland—Altman analysis results, CI confidence interval, ES effect size, CCC a repeated measures concord-
ance correlation coefficient, r correlation coefficients with repeated observations

“indicates p <0.05
“indicates p <0.01

““indicates p <0.001 and no symbol indicates a non-significant result in the paired t-test

difference between fingertip and earlobe Bla during power
cycling (Moran et al. 2012), probably because that investiga-
tion involved continuous low-intensity exercise rather than
exercise with incremental increases in load.

When simulating the movements of cross-country ski-
ing, our participants had to pull the handlebars with both
hands and exert downward force. In connection with this
process, the palm grasping the handlebar needs to main-
tain continuous force, which restricts blood flow and thus
perhaps enhances lactate production and limits its removal,
both during and after the exercise (Fryer et al. 2011). Indeed,
it has been shown that the flow of blood in the fingers is
reduced during cycling at a constant load (Midttun and
Sejrsen 1998). Although cycling and skiing differ in many
ways, both require the use of hand muscles.
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Furthermore, it has been proposed that sympathetic nerv-
ous activity influences blood flow, which may, at least in
part, explain differences in Bla in different regions of the
body (Johnson 1992). Vessels in peripheral regions, includ-
ing the fingertips and earlobes, are innervated primarily by
sympathetic adrenergic vasoconstrictor nerves (Kellogg
et al. 1991). At the onset of exercise, the activity of these
nerves is enhanced, leading to the secretion of norepineph-
rine, which constricts blood vessels and limits blood flow
in the skin.

Interestingly, despite consistently higher Bla levels in the
fingertips than in the earlobes, the differences remained less
than 1 mmol/L across all intensity intervals. This suggests
that although localized lactate production may increase due
to restricted blood flow and muscle activity in the finger-
tips, systemic circulation ensures relatively uniform lactate
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distribution across different body parts (Fryer et al. 2011).
The relatively small differences imply moderate disparities
in lactate production and removal between these sites, fur-
ther emphasizing the role of local factors (such as muscle
activity and restricted blood flow) and systemic physiologi-
cal mechanisms in Bla levels. Therefore, fingertip readings
may reflect more immediate changes due to local muscle
exertion, whereas earlobe readings might better represent
overall systemic lactate concentration.

It is also worth noting that sweating can impact Bla in
blood samples (Pattersonet al. 2000), since the sweat pro-
duced during exercise contains a certain amount of lactate
(Karpova et al. 2020). Thus, differences in the amount and
nature of sweat produced at different sampling sites may also
contribute to differences in the Bla observed (Feliu et al.
1999). However, in our case, prior to each blood collec-
tion, the fingertip or earlobe was disinfected with an alcohol
swab, ensuring the site was dry and clean before proceeding
with the puncture. This practice was adopted to ensure that
the measurement results were not influenced by sweat, hair,
or other factors present on the skin.

The validity and reliability of the LS4

Compared to the high-precision BSL, the LS4 demonstrated
higher validity when capillary blood was collected from the
earlobe (LS4-a: CCC of 0.95 and r of 0.94; LS4-b: CCC of
0.96 and r of 0.95) but poorer validity when collected from
the fingertip (LS4-c: CCC of 0.78 and r of 0.82; LS4-d: CCC
of 0.63 and r of 0.71). This finding is consistent with other
reports that the Lactate Scout does not perform well in terms
of accuracy (Bonaventura et al. 2015; Tanner et al. 2010).
For example, Tanner observed that with Bla in the low-to-
medium range, the values provided by the Lactate Scout
showed a significant trend towards more pronounced devia-
tion from those obtained with the ABL laboratory-based lac-
tate analyzer, considered the gold standard. This observation
is consistent with our findings of LS4’s diminished validity
at the interval of 0 to 4 mmol/L.

The LS4 utilized in this study demonstrated poor reli-
ability across three intervals at both sites. As illustrated in
Fig. 1, the Bla from four LS4s for a single subject exhibited
discernible variation at each blood sampling stage. Notably,
these LS4s showed poorer performance compared to those
in previous studies. (Bonaventura et al. 2015). For instance,
Tanner found that although the Lactate Scout was not more
accurate than the other two portable lactate analyzers uti-
lized, it was reliable enough to be used in sports settings
(with a SEE of 1.4 and the r of 0.837) (Tanner et al. 2010).

Although the LS4-a and b here gave values for the Bla in
earlobe capillary blood that were closely correlated (CCC
of 0.95 and r of 0.94), the reliability of this lactate analyzer
was reduced at certain exercise intensities. Especially when
capillary blood was collected from the fingertip, the differ-
ences in the Bla in all three ranges measured simultaneously
by the LS4-c and d were significant.

The limited validity and reliability of the LS4 can be pri-
marily attributed to the differences in measurement prin-
ciples between the LS4 and the BSL. The BSL employs
advanced chip sensor technology and electrochemical
methods for lactate detection, ensuring high precision and
stability. In contrast, the LS4 uses an enzymatic-ampero-
metric detection method (Rathee et al. 2016). Although this
method enhances the LS4’s portability and ease of use, it
compromises measurement precision and stability, making
the device more susceptible to environmental and opera-
tional influences.

The LS4 demonstrates poorer validity and reliability
when used at the fingertip due to several factors. There are
inherent differences in blood flow and lactate concentra-
tion between the earlobe and the fingertip. Capillary blood
sampling from the fingertip often necessitates “squeezing”
to obtain sufficient blood, which can introduce interstitial
fluid and affect lactate concentration measurements (Krleza
et al. 2015). Additionally, the process of squeezing can cause
hemolysis, especially when a disinfecting agent is applied,
thereby increasing lactate concentration and skewing results
(Krleza et al. 2015). Most critically, the LS4’s inherent
instability amplifies these issues, making the discrepancies
between measurements at the fingertip and earlobe even
more pronounced. This inherent instability is the primary
problem, exacerbating all other factors and leading to greater
inconsistency in measurements from the fingertip compared
to the earlobe.

Practical implications

This study provides critical insights into the practical impli-
cations of using different sampling sites and lactate analyz-
ers during cross-country skiing. The first significant finding
is the notable difference in lactate concentrations between
the earlobe and fingertip, with the discrepancy being less
than 1 mmol/L. Although seemingly minor, this difference
is crucial as it can significantly impact the assessment of
exercise intensity based on lactate concentration. Therefore,
it is recommended to consistently use the same sampling site
for accurate and reliable results (Moran et al. 2012). The
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«Fig.3 The scatter plots and Bland—Altman plots for comparisons of
Bla between BSL and LS4. Subfigures a, ¢, e and g respectively show
scatter plots for comparisons between BSL [E] and LS4-a [E], BSL
[E] and LS4-b [E], BSL [F] and LS4-c [F], BSL [F] and LS4-d [F].
Subfigures b, d, f and h correspond to the respective Bland—Altman
plots

earlobe is suggested as a more stable and preferable site due
to its lower variability compared to the fingertip.

The second important finding concerns the validity and
reliability of the LS4 lactate analyzer. The LS4 showed poor
validity and reliability, particularly when used at the finger-
tip. Although the LS4’s performance improved slightly when
used at the earlobe, it still displayed significant discrepan-
cies compared to the high-precision BSL analyzer. Given the
LS4’s inherent instability, it is advisable to exercise caution
when using it as the sole device for lactate measurement in
sports settings. The potential for measurement errors and the
device’s sensitivity to environmental and operational factors
make it less reliable than more stable alternatives like the
BSL. Therefore, practitioners and coaches should be cau-
tious in interpreting lactate data obtained using the LS4,
especially from fingertip samples.

Limitations

The limitations of the current investigation include the
following: First, we selected SkiErg double poling as the
cyclic movement involving hand-grasping, but this hand-
grasping differs in some ways from that involved in rowing
and cycling. Therefore, it remains to be seen whether our

Table 4 Comparison of LS4s in both sites

findings can be extended to other exercise modalities as
well. Secondly, we utilized only one brand of portable lac-
tate analyzer (i.e., the LS4) and other brands, such as the
LP2 and LP, remain to be examined(Tanner et al. 2010).
Third, although each stage in the experiment lasted no
more than three minutes that is inadequate for blood lac-
tate to reach a steady state(Jakobsson and Malm 2019), the
difference in corresponding Bla between devices and sites
at each timepoint was not affected, since blood was col-
lected almost simultaneously. Last, while the participants
in this study were not specialized cross-country skiers and
had limited double poling skill, the purpose was solely
to examine differences in Bla using different devices and
sites across exercise intensities, thus their role was simply
to have Bla produced.

Conclusions

The data presented here indicate significant differences
in blood lactate concentrations between the earlobe and
fingertip during SkiErg double poling, with fingertip val-
ues consistently higher, although the discrepancy is less
than 1 mmol/L. This difference can impact the assess-
ment of exercise intensity based on lactate concentration.
Additionally, the LS4 analyzer exhibited poor validity
and reliability, particularly at the fingertip, compared to
the high-precision BSL analyzer. Given the LS4’s inher-
ent instability, it is advisable to use the earlobe for more
consistent and reliable lactate measurements. Coaches and

0~ <4.0 mmol/L (n:
80)

Pairwise comparison ~ Parameters

4~ <8.0 mmol/L (n:
94)

> 8.0 mmol/L (n:
225)

All-pooled (n: 399)

LS4-a [E] vs LS4-b Mean Bias (+95%
[E] CI)

ES (+95% CI)

—0.12 (1.35 to 1.10)

—0.11 (=0.24 t0 0.02)

CCC (+95% CI) 0.83 (0.75 t0 0.89)
r 0.89

LS4-a [F]vs LS4-b  Mean Bias (+95% —1.46*%*%* (8.3 to

(F] CDh 5.38)
ES (+95% CI) —0.34 (=0.53 to
—-0.16)

CCC (+95% CI) 0.57 (0.44 to 0.69)
r 0.62

—0.21%% (=218 to
1.76)

—-0.12 (=0.24 to
—0.00)

0.82 (0.75 t0 0.88)
0.79

—1.57%%* (—8.86 to
5.71)

-0.32 (-0.48 to
—-0.16)

0.66 (0.54 to 0.75)
0.49

—0.24 (=4.01 t0 3.53)

—0.08 (—=0.17 to 0.00)

0.79 (0.73 t0 0.83)
0.60

—0.67%%% (—6.32 to
4.98)

—0.18 (—0.28 to
—0.08)

0.68 (0.61 to 0.74)
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0.95 (0.94 t0 0.96)
0.94

—1.04%%% (—7.39 10
5.31)

—0.19 (=0.25 to —0.13)

0.81(0.77 to 0.84)
0.77

BSL Biosen S-Line, LS4-a, b, ¢, d different devices of the Lactate Scout 4, [E] represents earlobe Bla, [F] represents fingertip Bla, Mean Bias
the mean bias and limit of agreement of Bland—Altman analysis results, CI confidence interval, ES effect size, r correlation coefficients with

repeated observations
“indicates p <0.05
“indicates p <0.01

““indicates p <0.001 and no symbol indicates a non-significant result in the paired t-test
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Fig.4 The scatter plots and Bland—Altman plots for comparisons of Bla within LS4s. Subfigures a and c respectively show scatter plots for com-
parisons between LS4-a [E] and LS4-b [E], LS4-c [F] and LS4-d [F]. Subfigures b and d correspond to the respective Bland—Altman plots

practitioners should reconsider the use of LS4 for lactate
measurement in sports settings and standardize earlobe
sampling to ensure accurate and stable results.
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